A validatory study of quantitative single plane left ventricular cineangiography is presented, using human left ventricular casts ranging in sizefrom I.6 to 135 ml. Good correlation wasfound between actual and calculated volumes (r= o.967 (Fig. i) With the casts in a position approximating to the right anterior oblique projection 35-mm cine x-rays were taken. For calibration purposes a grid of centimetre squares was x-rayed at the position the cast occupied and these films were used to correct for x-ray magnification and distortion (Dodge, I97I).
A validatory study of quantitative single plane left ventricular cineangiography is presented, using human left ventricular casts ranging in sizefrom I.6 to 135 ml. Good correlation wasfound between actual and calculated volumes (r= o.967) . 62 patient studies were carried out and the value of the usually calculated indices of left ventricular performance were compared to one another. Ejection fraction and mean rate of circumferentialfibre shortening (mean Vcf) were found to be the best discriminators of abnormal left ventricular function, and, on the basis of the presented data, it is suggested that mean Vcf is the more sensitive index of left ventricular performance.
In I960 Dodge et al. demonstrated the feasibility of calculating left ventricular volumes from biplane angiograms. Since then several groups of workers have elaborated this technique and extended its use to paediatric cardiology (Graham et al., I97I; Miller and Swan, I964) . The technique has also been adapted to single-plane angiocardiography (Green et With the casts in a position approximating to the right anterior oblique projection 35-mm cine x-rays were taken. For calibration purposes a grid of centimetre squares was x-rayed at the position the cast occupied and these films were used to correct for x-ray magnification and distortion (Dodge, I97I) .
The cast volumes were calculated from these x-ray films using the area-length method of Dodge et al. (I960) , assuming the left ventricle to be an ellipsoid of revolution. Regression analysis was performed comparing calculated volumes with true volumes using a logarithmic linearizing transformation. The graph thus derived (Fig. 2) (Karliner, Bouchard, and Gault, I972) . At the end of each study the centimetre squares grid was filmed at the height of the apex beat, using the same tube-to-film distance as in the patient study. Corrections were made for magnification and distortion as described above. The volumes thus derived were corrected to 'true' volume using the graph shown in Fig. 2 The patients were classified as follows. a) No left ventricular disease There were i6 patients in this category. Ages ranged from 7 months to 54 years (mean age iI years, IO months). Diagnoses included pulmonary valve stenosis with right ventricular to pulmonary artery systolic pressure differences of less than 6o mmHg (8 kPa) (5 patients); ventricular septal defect with pulmonary-systemic flow ratio of less than i.5/I (2 patients); chest pain but with normal coronary angiograms (2 patients); systolic murmurs for which no structural cause was found (2 patients); vascular ring (i patient); coarctation of aorta with systolic pressure difference of 20 mmHg (2.67 kPa) and normal upper limb blood pressures (i patient); persistent systolic murmur following closure of persistent ductus arteriosus (i patient); postoperative pulmonary valve stenosis without residual pressure gradient (i patient), and i patient investigated to exclude structural causes for paroxysmal ventricular tachycardia. b) Primary heart muscle disease in childhood There were 8 patients in this category, with ages ranging from i day to 9 years (mean age 2 years, 8 months). They all had the clinical syndrome of endocardial fibroelastosis without obstructive lesions such as aortic valve stenosis or coarctation of the aorta. c) Left ventricular pressure overload There were 9 patients in this group ranging in age from i week to 14 years (mean age 4 years, 3 months). Diagnoses included coarctation of aorta (4 patients) and significant aortic valve stenosis (5 patients). d) Left ventricular volume overload There were 23 patients in this group, with ages ranging from 6 weeks to 63 years (mean age 5 years 3 months). Diagnoses included congenital ventricular septal defect (Io patients), acquired ventricular septal defect (i patient), persistent ductus arteriosus (ii patients), and aortic valve incompetence (I patient). e) Ischaemic heart disease There were 6 patients in this group, with ages ranging from 4I to 46 years (mean age 43 years). In none of these was there any evidence of dyskinetic left ventricular contraction. (Fig. 4) . The group data obtained from patients with left ventricular pressure overload, left ventricular overload, and ischaemic heart disease are shown in Table 2 . In all three groups there was a wide scatter of left ventricular function as judged by ejection fraction and mean Vcf, the range being from the grossly limited to the normal. 
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FIG. 4 Comparison of mean Vcf in normal left
ventricles and primary heart muscle disease (PHMD).
In Fig. 5 (Gault, Ross, and Braunwald, I968) . In the isolated supported dog heart the rate of left ventricular wall shortening is sensitive to acute changes in preload and afterload (Burns, Covell, and Ross, I973) . In the intact dog, on the other hand, little change in rate of shortening is seen in response to acute or chronic changes in preload (Covell et al., I973; Ross and McCullagh, I972) , but the inverse relation of velocity of shortening to acute changes in afterload is still seen (Bove and Lynch, 1970 (Pollack, 1970) , nor does it require any extrapolation of data (van den Bos et al., I973).
Furthermore, it does study the phase of left ventricular contraction which is of most clinical interest.
In conclusion, this study demonstrates that quantitative left ventricular angiography using single plane cine is as applicable to infants and children as it is to adults. We suggest that mean Vcf is a sensitive, clinically applicable indicator of left ventricular function and when taken in conjunction with ejection fraction provides very useful information about left ventricular myocardial performance. It is particularly applicable to patients with congenital heart disease where measurements are rarely influenced by dyskinetic areas of myocardium. The measurements proposed can easily be obtained in any routine cardiac catheterization laboratory, as they require only careful examination of two frames of the cineangiogram and knowledge of the ejection time. 
